aspirin and rapidly become acidaemic. Adults, however, are generally considered to show respiratory alkalosis only, and acidosis has been said not to be a problem (Ghose, 1967) . That this is a false generalisation is shown by a survey of the acidbase status, on admission, of the more severely poisoned patients who have been treated in the Edinburgh unit during the past 3 years. shows that respiratory alkalosis is certainly the dominant disturbance in most patients, but that metabolic acidosis is by no means insignificant. There is no doubt that acidameia can occur in adults, and that the finding of an arterial blood pH below normal (i.e. < 7.36) with a standard bicarbonate of less than 17 m-equiv.jl. is indicative of dangerous poisoning. That such a small proportion (1-2 %) of patients is acidaemic probably reflects the fact that the majority of deaths from salicylate poisoning occur outside of hospital. It should be noted that there is no simple relationship between the pH or Pco, and the plasma salicylate level (Fig. 3) . Much depends on the speed of absorption of the particular 13
Paper read at Scotland and Northern Ireland Regional Meeting, Aberdeen, June, J968. Acid-base status be/ore treatment Children are very sensitive to overdosage with Each year, the Regional Poisoning Treatment Centre in Edinburgh admits about 100 teenagers and adults, suffering from overdosage of one or another preparation of aspirin. The more severely poisoned of these patients display disturbances of acid-base, electrolyte and fluid balance whose correction demands close laboratory support. This paper is intended to show the value of simple biochemical findings in assessing both the severity of poisoning and the efficiency of treatment. Much has already been written on this subject (Smith, 1966) , but the literature is founded largely upon reports of salicylate poisoning in children; the management of adult patients is, by comparison, poorly documented.
The principal toxic effects of salicylate, and their biochemical sequelae, are shown in Fig. 1 . In summary, stimulation of respiration leads to hypocapnia and alkalosis; interference with metabolic pathways leads to hypercapnia and acidosis. Clearly this scheme presents a simplified picture of a poisoning (Brown et al., 1967) since tolerance to the drug is not seen. One in four patients show a significant increase (c-10 mg.jlOOmI.) in level during the few hours after admission; peak values exceeding 90 mg./100 ml. are rarely found. The finding of a level in excess of 50 mg./IOO ml. is a definite indication for active treatment. 
Principles and problems of treatment
It is well established that, in experimental subjects, the renal excretion of free (as opposed to conjugated) salicylate is enhanced in alkaline urine. The rationale of this phenomenon is obscure, but nevertheless Cumming et al. (1964) applied the principle to the treatment of several acutely poisoned patients and reported a good response to an alkaline regime offorced diuresis. This therapeutic approach, however, can be criticised in that patients who already show respiratory alkalosis and incipient hypokalaemia might develop alkalotic tetany and true potassium depletion. That this is a relevant criticism is indicated by a typical response (Fig. 4 ) to a regime of forced diuresis similar to that described 50 Pco a • (mm.HcJko preparation of aspirin, on the lapse of time since ingestion, and perhaps also on the integrity, or otherwise, of renal function, upon which the excretion of the drug largely depends.
Electrolyte and salicylate levels before treatment
Urine specimens obtained from patients before starting treatment indicate some renal compensation for the respiratory alkalosis; a relatively high urinary pH may be found with the excretion of large quantities of potassium (and also of salicylate). This is of interest, in that hypokalaemia has been reported to be a feature of severe salicylate poisoning (Robin et al., 1959) . It is exceptional, however, to find abnormal levels of the plasma cations on admission, because of concomitant water depletion (see below).
Estimation of plasma salicylate affords the simplest quantitative measure of the severity of O. oral nuid.. 'X. ulimll A. A, rillimc 8. 0 I relime C. I. Is an alkaline regime of forced diuresis really necessary to achieve a satisfactory fall in plasma salicylate level? 2. Is the urinary excretion of potassium, and of salicylate, consistent with the observed falls in plasma levels, and is there some specific relationship between the two ions? 3. What is the significance of the large discrepancy between the volume of fluid infused and the urinary output?
Response to forced diuresis
In an attempt to answer these questions, a comparative study was made of the response to three regimes of forced diuresis. Comparable groups of 10 poisoned patients were treated respectively with parenteral fluids differing in ionic composition (Table I) , but given at a uniform rate (2 I./hour for 3 hours); isotonicity was maintained with laevulose. A fourth group of patients, less severely poisoned, was treated with oral fluids only (without potassium supplements) to serve as a control.
During the critical 6 hour period after the start of treatment, the three regimes of forced diuresis produced similar rates of urine flow, but with important differences in urinary pH, and in excretion of salicylate (Table 2) . What perhaps was more Table I . Mean rates of infusion of saline, potassium, and bicarbonate in the three regimes offorced diuresis. slow fall in plasma salicylate level, with relatively small changes in plasma potassium. The alkaline regimes Band C, however, were both effective in lowering plasma salicylate levels, but whereas the former produced a steady fall in plasma potassium, with the latter there was a transient rise. It follows that an alkaline regime is indeed necessary for satisfactory clearance of salicylate, but that the amount of potassium to be added is rather critical if both hyper-and hypo-kalaemia are to be avoided. A useful comparison of the efficacy of the different forms of treatment can be made by estimating the times taken for the plasma salicylate level of each patient to fall to 2/3 and to 1/3 of the peak value, and calculating the means, t 2 / 3 and t 1/ 3 , for each group (Table 2 ). This is more informative than a comparison of the corresponding 'plasma halflives' T 1/2, which are usually quoted as an index of the rate of fall of a drug level, since in the present context t 2 / 3 and t 1 / 3 reflect different aspects of treatment. The initial fall, represented by t 2 / 3 , probably implies a redistribution of salicylate consequent on re-hydration, whereas t 1 / 3 must indicate the effect of excretion proper on the plasma level.
The acid-base response to the four types of treatment is shown in Fig. 6 . The arterial Pc0 2 showed little change, and in fact many of these patients were still hypocapnic after several days, when the plasma salicylate levels had fallen to quite low values. Treatment with oral fluids, or regime A of forced diuresis, slightly lowered both the arterial pH and the standard bicarbonate. The alkaline regimes Band C raised the standard bicarbonate significantly, but only the former had the effect of raising the arterial pH beyond the normal range. On this score, therefore, forced diuresis C is the treatment of choice since there would seem to be no danger of inducing alkalotic tetany; at the same time, it is noteworthy that the amount of bicarbonate in this regime was barely sufficient to correct the initial metabolic acidosis.
The fluid deficits incurred by these patients were estimated by summing the intake of parenteral and oral fluids during the 30 hours after admission and deducting the urinary output, with an allowance for normal insensible loss. Half were found to have deficits in excess of 4 I., and there was a trend towards larger deficits in the patients with higher peak salicylate levels. It is clear that these patients are often severely dehydrated on admission, and that there is an abnormally large insensible water loss for many hours, due to sustained sweating and hyperventilation. Grateful thanks are due to Dr. Henry Matthew and the staff of the Poisoning Treatment Centre, Royal Infirmary, Edinburgh, for their enthusiastic co-operation in this project, and to Miss Jean Cameron, of the Department The results of this study suggest some-albeit incomplete-answers to the questions which were posed earlier.
Treatment with oral fluids alone is of no value in lowering plasma salicylate levels in acutely poisoned patients because of severe dehydration and continuing water depletion. Forced 'water' diuresis (regime A) is of some value in that re-hydration can be effected speedily, but with very limited urinary excretion of salicylate. Treatment with an alkaline regime of forced diuresis is effective in lowering plasma salicylate levels but hypokalaemia will result unless substantial potassium supplements are given. The hypokalaemia must be largely due to a pH-induced shift into cells, since although the excretion of salicylate is enhanced by increasing the urine flow and raising the urinary pH, these factors do not greatly influence the excretion of potassium. Forced diuresis, regime C, is the treatment of choice in so far as it produces minimal untoward changes in electrolyte and acid-base status with a rapid clearance of salicylate.
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of Clinical Chemistry, for doing so much of the work. Figures 5 and 6 are reproduced, with permission, from a fuller report of this study, in press, in the Quarterly Journal of Medicine.
